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ABSTRACT 
A f r e e z i n g  p o i n t  c u r v e  f o r  s o l u t i o n s  of ammonium p e r c h l o r a t e  i n  
h y d r a z i n e  w a s  de t e rmined  s a f e l y  i n  a r emote ly -ope ra t ed  a p p a r a t u s .  The 
f r e e z i n g  p o i n t  of h y d r a z i n e  is lowered t o  -25.61 C by ammonium p e r c h l o r -  
a t e  a t  a m o l a l  c o n c e n t r a t i o n  o f  3.855 (31.15 wt-%).  The p l o t  o f  f r e e z -  
i n g  p o i n t s  - vs  m o l a l i t y  of ammonium p e r c h l o r a t e  f o l l o w s  a s t r a i g h t  l i n e .  
0 
INTRODUCTION 
The f r e e z i n g  p o i n t  i s  d e f i n e d  as b e i n g  i d e n t i c a l  w i t h  t h e  m e l t i n g  
p o i n t ;  t h e  m e l t i n g  p o i n t  i s  taken  as t h e  t e m p e r a t u r e  when t h e  l a s t  pa r -  
t i c l e  of f r o z e n  mater ia l  v a n i s h e s ,  or when t h e  t e m p e r a t u r e  of t h e  medium 
d e t e c t a b l y  i n c r e a s e s  a t  c o n s t a n t  ene rgy  i n p u t .  O t h e r ,  more p r e c i s e  
d e f i n i t i o n s  cou ld  b e  g i v e n ,  b u t  t h e  ones  no ted  h e r e  a p p l y  t o  t h e  ex- 
p e r i m e n t a l  p rocedure  adopted  i n  t h i s  work. 
The u s u a l  methods f o r  de t e rmin ing  t h e  f r e e z i n g  p o i n t s  o f  v a r i o u s  
compounds r e q u i r e  p r o x i m i t y  o f  t h e  o p e r a t o r  t o  t h e  a p p a r a t u s  employed 
and t h e  s o l u t i o n s  t h a t  are being measured.  I n  o r d e r  t o  d e t e r m i n e  t h e  
f r e e z i n g  p o i n t s  of  t h e  p o t e n t i a l l y - e x p l o s i v e  m i x t u r e s  of  ammonium p e r -  
c h l o r a t e  and h y d r a z i n e ,  equipment w a s  f a b r i c a t e d  t h a t  can  be o p e r a t e d  
r emote ly  w i t h o u t  s a c r i f i c i n g  accuracy  of d a t a .  The i n s i d i o u s  n a t u r e  
o f  hydraz ine  p e r c h l o r a t e  was recognized  from t h e  s t a r t  of t h i s  work 
and p r e c a u t i o n s  were t a k e n  t o  p r o t e c t  t h e  o p e r a t o r  f rom t h e  e x p l o s i l e  
haza rd  p r e s e n t e d  by t h e  t r i b o e l e c t r i c a l  i g n i t i o n  of c r y s t a l s  which in -  
e v i t a b l y  s e p a r a t e  a t  t h e  f r e e z i n g  p o i n t .  
The f r e e z i n g  p o i n t s  of s o l u t i o n s  r a n g i n g  from a c o n c e n t r a t i o n  of  
0% t o  30% ammonium p e r c h l o r a t e  i n  h y d r a z i n e  were measured by means of 
a 5- thermel  sys tem which w a s  c a l i b r a t e d  a g a i n s t  p u r e  materials of  ac- 
c e p t e d  f r e e z i n g - p o i n t  v a l u e s .  
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EXPERIMENTAL 
Appara tus  
The o v e r - a l l  d e s i g n  o f  t h e  f r e e z i n g - p o i n t  a p p a r a t u s  i s  shown i n  
F i g u r e  1. The 10-rpm motor w i t h  a cam and s p r i n g - l o a d e d  f o l l o w e r  i s  
u s e d  t o  o b t a i n  t h e  up-down s t i r r i n g  a c t i o n  found t o  be  most s u i t a b l e  
f o r  t h e s e  d e t e r m i n a t i o n s .  The r e c i p r o c a t i n g  g l a s s  s t irrer s u r r o u n d s  
t h e  g l a s s - e n c l o s e d  thermocouple  probe ,  which  c o n t a i n s  f i v e  2-mil  therm- 
o c o p u l e s  wi red  i n  ser ies  t o  i n c r e a s e  t h e  t h e r m o e l e c t r i c  o u t p u t  t o  
v a l u e s  which can e a s i l y  be measured by a 1-mv r e c o r d e r .  The s p a c e  
w i t h i n  t h e  doub le -wa l l s  of  t h e  sample t u b e  is e v a c u a t e d ;  t h i s  p e r m i t s  
t h e  sample  t o  be coo led  and warmed a t  a s low r a t e .  The sample  t u b e  
i s  i n i t i a l l y  charged  w i t h  ammonium p e r c h l o r a t e  and t h e  T e f l o n  i n j e c t i o n  
p o r t  is u s e d  f o r  t h e  i n t r o d u c t i o n  of  h y d r a z i n e ;  i n  t h i s  way, a c c u r a t e  
m i x t u r e s  are p r e p a r e d  w i t h o u t  haza rd .  A l a b - j a c k  i s  used  t o  ra ise  and 
lower t h e  c o l d  b a t h ;  Dry Ice can  be  added (by  means of t o n g s  and g l o v e d  
hand)  t h r o u g h  t h e  e n t r y  p o r t  a t  t h e  rear of  t h e  a p p a r a t u s  as r e q u i r e d .  
The w i r i n g  d iagram f o r  con t inuous  t e m p e r a t u r e  measurement i s  
shown i n  F i g u r e  2 .  Each the rmop i l e  c o n s i s t s  of  f i v e  coppe r -cons t an tan  
c o u p l e s  i n  s e r i e s ;  a r e f e r e n c e  t h e r m o p i l e  is  k e p t  a t  ice t e m p e r a t u r e .  
S i n c e  t h e  s i g n a l  g e n e r a t e d  i s  o f t e n  greater t h a n  1 m i l l i v o l t ,  a p r e -  
c i s i o n  p o t e n t i o m e t e r  is  used  as a v a r i a b l e  s o u r c e  t o  "buck" t h e  o u t p u t  
and l e a v e  an e f f e c t  o f  less t h a n  1 mv. The r e c o r d e r  and p o t e n t i o m e t e r  
are l o c a t e d  a t  some d i s t a n c e  a w a y  f rom t h e  f r e e z i n g - p o i n t  a p p a r a t u s .  
By n o t i n g  t h e  bucking  v o l t a g e  from t h e  p o t e n t i o m e t e r  and t h e  
v o l t a g e  i n d i c a t e d  by t h e  r e c o r d e r ,  a p r e c i s e  d e t e r m i n a t i o n  o f  t h e  s i g n a l  
b e i n g  g e n e r a t e d  by t h e  t h e r m o p i l e  c a n  be de t e rmined  a t  a n y  t i m e .  S i n c e  
t h e  r e f e r e n c e  s i d e  of t h e  t h e r m o p i l e  i s  m a i n t a i n e d  a t  0 C ,  and t h e  
t e m p e r a t u r e  i s  b e i n g  measured ove r  a wide  r a n g e  above and below 0 C ,  
a r e v e r s i n g  s w i t c h  i s  p l a c e d  i n  t h e  c i r c u i t  t o  make p o s s i b l e  r e c o r d i n g  
of  a c o n t i n u o u s  c u r v e  a t  a l l  t imes.  
0 
0 
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C a l i b r a n t s  
The materials f o r  c a l i b r a t i o n  were s e l e c t e d  t o  cove r  a wide 
r a n g e  of f r e e z i n g  p o i n t s :  
benzene +5.moc benzy l  a l c o h o l  - 1 5 . 3 O C  
water 0 .  ooc 1 , 2 - d i c h l o r o e t h a n e  -35.3OC 
-6.2OC ch lo ro fo rm -65.3OC a n i l i n e  
I 1  and were e i t h e r  " s p e c t r o q u a l i t y "  or a n a l y t i c a l - r e a g e n t  I' g r a d e .  The 
water w a s  f r e s h l y - d i s t i l l e d  f o r  t h i s  p u r p o s e .  
Samples 
The h y d r a z i n e  used  i n  t h e  f r e e z i n g  p o i n t  d e t e r m i n a t i o n s  (Mathe- 
s o n ,  Coleman, and B e l l )  a s sayed  as f o l l o w s :  
1 .91% H2° 
"3 
0.06 
0 .16  'gH5"2 
The ammonium p e r c h l o r a t e  ( F i s h e r  S c i e n t i f i c ,  a n a l y t i c a l - r e a g e n t  
g r a d e )  w a s  used  as r e c e i v e d ;  i t s  composi t ion  i s  known t o  be i n  excess 
of 99.5% (from p r i o r  work a t  JPL). 
C a l i b r a t i o n  P rocedure  
Three  t o  f o u r  m i l l i l i t e r s  of one of t h e  mater ia l s  of a c c e p t e d  
m e l t i n g  p o i n t  i s  i n t r o d u c e d  i n t o  t h e  double-wal led test  t u b e .  The 
thermocouple  and s t i r r i n g  rod a r e  p l a c e d  i n  p o s i t i o n  a long  w i t h  t h e  
t u b e  cap .  The s t i r r i n g  motor i s  t h e n  s t a r t e d  and t h e  sample tempera-  
t u r e  is de termined  by t u r n i n g  on t h e  r e c o r d e r  and a p p l y i n g  t h e  p r o p e r  
bucking  v o l t a g e  from t h e  p r e c i s i o n  p o t e n t i o m e t e r .  The Dry- Ice / a l coho l  
c o l d  b a t h  i s  r a i s e d  i n t o  p o s i t i o n  and t h e  t e m p e r a t u r e  of t h e  c a l i b r a n t  
material  i s  fo l lowed  by m a i n t a i n i n g  o n - s c a l e  d e f l e c t i o n s  of t h e  r e c o r d -  
er  pen w i t h  t h e  bucking v o l t a g e .  A t  t h e  t e m p e r a t u r e  where f r e e z i n g  
o c c u r s ,  t h e  s t e a d y  c o o l i n g  s l o p e  of t h e  c u r v e  be ing  t r a c e d  changes  be- 
c a u s e  of  t h e  release of t h e  c a l i b r a n t  mater ia l ' s  h e a t  of f u s i o n .  I n  
a lmos t  a l l  i n s t a n c e s ,  s u p e r c o o l i n g  i s  obse rved  and t h e  r e c o r d e r  w i l l  
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a c t u a l l y  i n d i c a t e  a t e m p e r a t u r e  rise ( s e e  F i g u r e  4 ) .  When t h e  ca l i -  
b r a n t  mater ia l  becomes a s l u s h ,  t h e  t e m p e r a t u r e  remains  n e a r l y  c o n s t a n t .  
The c o o l i n g  b a t h  is t h e n  removed and t h e  material  is a l lowed  t o  become 
w a r m .  When t h e  l a s t  p a r t i c l e  of  f r o z e n  m a t e r i a l  v a n i s h e s ,  t h e  warming 
c u r v e  t r a c e d  by t h e  r e c o r d e r  w i l l  e x h i b i t  a s h a r p  change o f  s l o p e  
( F i g u r e  4 ) .  The m i l l i v o l t  r e a d i n g ,  found by e x t r a p o l a t i o n  as shown 
i n  F i g u r e  3 cor re sponds  t o  t h e  f r e e z i n g  p o i n t  of t h e  ma te r i a l .  
The m i l l i v o l t  r e a d i n g s  t h a t  co r re spond  t o  t h e  m e l t i n g  p o i n t s  of 
t h e  c a l i b r a t i o n  materials a r e  summarized i n  T a b l e  I .  These  d a t a  are  
r e p r e s e n t e d  as t h e  c a l i b r a t i o n  cu rve  shown i n  F i g u r e  3 .  
Sample P rocedure  
For  t h e  d e t e r m i n a t i o n s  of t h e  f r e e z i n g  p o i n t s  of hydraz ine -  
ammonium p e r c h l o r a t e  m i x t u r e s  , t h e  o p e r a t o r  is s h i e l d e d  by heavy 
P l e x i g l a s  ( F i g u r e  1) and t h e  a p p a r a t u s  is  l o c a t e d  i n  a hood. The hood 
d o o r  i s  k e p t  c l o s e d  as much as p o s s i b l e  d u r i n g  t h e  d e t e r m i n a t i o n s .  
According t o  t h e  c o n c e n t r a t i o n  d e s i r e d ,  a sample of ammonium 
p e r c h l o r a t e  is weighed i n t o  a p r e v i o u s l y - d r i e d  double-wal led  t e s t  t u b e  
and p l aced  i n  p o s i t i o n  i n  t h e  a p p a r a t u s ,  and t h e  s t i r r i n g  motor  i s  
t u r n e d  on .  A d r y ,  10-ml gas t i g h t  s y r i n g e  is  p a r t i a l l y  f i l l e d  w i t h  
abou t  3 m l  of h y d r a z i n e  and weighed. The h y d r a z i n e  i s  i n j e c t e d  i n t o  
t h e  sample t u b e  v i a  t h e  T e f l o n  e n t r y  p o r t ,  and t h e  s y r i n g e  is  re-weighed.  
The ammonium p e r c h l o r a t e  is  a l lowed t o  d i s s o l v e  and t h e  f r e e z i n g  
p o i n t  of t h e  s o l u t i o n  i s  de termined  i n  t h e  same manner as d e s c r i b e d  i n  
t h e  c a l i b r a t i o n  p rocedure .  A t  complet ion of t h e  d e t e r m i n a t i o n ,  water 
is  i n j e c t e d  i n t o  t h e  sample t u b e  t o  d i l u t e  t h e  s o l u t i o n  and r e n d e r  it 
i n s e n s i t i i v e  t o  shock .  A f t e r  t h e  water h a s  been added ,  t h e  a p p a r a t u s  
i s  d i sa s sembled  and c l e a n e d .  
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RESULTS AND DISCUSSION 
A s  shown i n  F i g u r e  5 ,  t h e  f r e e z i n g - p o i n t  c u r v e  p l o t t e d  from t h e  
d a t a  on a w t - %  b a s i s  d e v i a t e s  s l i g h t l y  from a s t r a i g h t  l i n e .  However, 
s i n c e  t h e  r e a c t i o n  between NH C10 and N H p roceeds  n e a r l y  comple t e ly  
a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n :  
4 4  2 4  
c 
3 
N H + NH C104  -=Y--% N H C104 + NH 2 4  4 2 5  
when t h e  m o l a l i t y  of t h e  ammonium p e r c h l o r a t e  d i s s o l v e d  is  c a l c u l a t e d  
on t h e  b a s i s  of t h e  q u a n t i t y  of hydraz ine  remain ing  a f t e r  t h e  r e a c t i o n  
and t h i s  is p l o t t e d  - vs  t h e  f r e e z i n g  p o i n t ,  a much s t r a i g h t e r  l i n e  i s  
o b t a i n e d  as shown i n  F i g u r e  6 .  
The f r e e z i n g  p o i n t  d a t a  a r e  summarized i n  T a b l e  11. 
Table  I 
C a l i b r a t i o n  Data  f o r  Thermocouple S y s t e m  
Reagent  
Benzene 
Water 
A n i l i n e  
Benzyl  Alcohol  
1 ,2 -Dich lo roe thane  
Chloroform 
0 
M.P. ,  C* 
5 . 4 8  
0 .00 
-6 .2  
-15.3 
-35.3 
-63 .5  
M i l l i v o l t s  
+ O .  520 
-0 .025  
-0 .630  
-1 .530  
-3 .540  
-6 .250  
- 
*As r eco rded  i n  t h e  Handbook of  Chemis t ry  and 
P h y s i c s ,  3 8 t h  E d i t i o n ,  Chemical  Rubber C o . ,  
C l e v e l a n d ,  Ohio,  1957. 
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Tab le  I1 
M e l t i n g  P o i n t s  of N H -C10 S o l u t i o n s  
2 4  4 
%NH4C104 
5 . 6 8  
4 . 6 1  
4 . 4 4  
9 . 0 6  
9 . 9 9  
1 7 . 1 8  
1 4 . 7 1  
18 .49  
20 .20  
20 .34  
2 4 . 6 1  
2 5 . 1 5  
25 .87  
28 .00  
29 .07  
31.19 
7$”2H4 
9 4 . 3 2  
9 5 . 3 9  
9 5 . 5 6  
90 .94  
9 0 . 0 1  
82 .82  
85 .29  
8 1 . 5 1  
79 .80  
79.66 
75.39 
74 .85  
74 .13  
72.00 
7 0 . 9 3  
6 8 . 8 1  
Mo la1  i t y 
NH4C104 
0 .512  
0 .412  
0 .396  
0 .850  
0 . 9 4 4  
1 . 7 6 5  
1 . 4 6 7  
1 930 
2 . 1 5 4  
2 .170  
2 . 7 8 3  
2 .862  
2 .974  
3 . 3 1 0  
3 .488  
3. I355 
M e l t i n g  
P o i n t ,  OC 
- 3 . 0 5  
- 3 . 0 9  
- 2 . 7 8  
- 5 . 7 5  
- 6 . 1 1  
-12.00 
- 1 0 . 2 1  
-13 .05  
-14.48 
-14 .41  
-20.10 
-21.34 
-20.27 
-24.80 
-23 .95  
-25 .61  
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FIG. 2 WIRING DIAGRAM FOR CONTINUOUS TEMPERATURE MEASUREMENTS 
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